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Female steroid hormones are hypothesized to play a protective role in pancreatic cancer risk. However, results
from epidemiologic studies that examined hormone-related exposures have been inconsistent. The California
Teachers Study is a cohort study of female public school professionals that was established in 1995—-1996. Of the
118,164 eligible study participants, 323 women were diagnosed with incident invasive pancreatic cancer through
December 31, 2009. Multivariable Cox proportional hazards regression methods were used to estimate hazard
ratios and 95% confidence intervals for the association of pancreatic cancer risk with reproductive factors and
exogenous hormone use. Current users of estrogen-only therapy at baseline (1995-1996) had a lower risk of pan-
creatic cancer than did participants who had never used hormone therapy (hazard ratio = 0.59, 95% confidence
interval: 0.42, 0.84). Use of estrogen-plus-progestin therapy was not associated with the risk of pancreatic cancer.
A longer duration of oral contraceptive use (>10 years of use compared with never use) was associated with an
increased risk of cancer (hazard ratio = 1.72, 95% confidence interval: 1.19, 2.49). Reproductive factors, including
age at menarche, parity, breastfeeding, and age at menopause, were not associated with pancreatic cancer risk.
Our results suggest that increased estrogen exposure through estrogen-only therapy may reduce pancreatic can-
cer risk in women.

hormone therapy; oral contraceptives; pancreatic cancer

Abbreviations: CEE, conjugated equine estrogen; Cl, confidence interval; CTS, California Teachers Study; EPT, estrogen-plus-
progestin therapy; ET, estrogen-only therapy; HR, hazard ratio; HT, hormone therapy; OC, oral contraceptive.

Approximately 30,000 incident cases of invasive pancre-
atic cancer are diagnosed each year in the United States (1).
Fewer than 5% of these patients survive more than 5 years
after diagnosis (2—4), and the median survival time ranges from
less than 6 months to 17 months depending on stage at diag-
nosis (5-7). Identification of environmental and lifestyle risk
factors for pancreatic cancer will provide insight into the causes
of this disease and may suggest subgroups for whom addi-
tional medical surveillance is appropriate. Cigarette smoking,
which is estimated to explain approximately 15% of pancre-
atic cancer incidence in the United States (8), is one of the few
modifiable lifestyle risk factors for pancreatic cancer (8—12).
Obesity has been implicated as another modifiable risk factor
(13—16). Type 2 diabetes mellitus is an important pancreatic

cancer risk factor (17), and it may at least partially explain the
obesity and pancreatic cancer association (13).

Existing evidence has led investigators to hypothesize that
female sex steroid hormones may play a protective role in
pancreatic cancer risk. Pancreatic cancer is less common
in women than in men, with a female-to-male ratio of age-
adjusted incidence rates of 0.75 (18). In addition, estrogen
has been shown to inhibit the growth of preneoplastic pancre-
atic lesions or transplanted pancreatic carcinoma in rat models
(19, 20). Sex-steroid biosynthetic enzymes and steroid hor-
mone receptors have been detected in both normal and neo-
plastic human pancreas tissue (21-25).

Epidemiologic studies, particularly case-control studies,
examining the associations between pancreatic cancer risk
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and reproductive and hormone-related factors in women have
generated inconsistent results (26—48). Given the extremely
short median survival time of pancreatic cancer patients (4),
possible survival bias in case-control studies is a concern. Fur-
ther, in case-control studies, the use of proxy-interviews for
cases who were either very ill or deceased may contribute to
differential misclassification of exposures. Although cohort stud-
ies have more consistently reported null associations between
pancreatic cancer and age at menarche, age at first birth, oral
contraceptive (OC) use and hormone therapy (HT) use, find-
ings for parity, breastfeeding, and age at menopause have been
inconsistent (27-31, 41, 42). The California Teachers Study
(CTS) is a prospective cohort study of women who provided
information on reproductive, hormone-related, and lifestyle
factors at the time of cohort enrollment. Only a small propor-
tion (x5%) of CTS participants was currently smoking at
enrollment, providing a unique population in which to eval-
uate other risk factors for pancreatic cancer.

MATERIALS AND METHODS
Participants

The CTS is a prospective cohort study of 133,479 current
and former female public school professionals (teachers, nurses,
psychologists, and administrators) who were members of the
California State Teachers Retirement System in 1995. At base-
line, cohort participants completed a mailed questionnaire to
provide detailed information on reproductive history, OC and
HT use, and personal medical history, including any previous
diagnosis of pancreatic or other cancer. The third CTS ques-
tionnaire, sent in 2000, was used to obtain updated informa-
tion on menopausal status and HT use. The design and study
methods of the CTS have been described in detail elsewhere
(49). The CTS was approved by the institutional review board
at each collaborating institution. For the current analysis, the
authors excluded, in sequence, cohort participants who at base-
line lived outside of California (n = 8,867), had an unknown
history of cancer (n = 662), limited their participation to breast
cancer research (n = 18), had a prior history of pancreatic can-
cer (n =10), or were 80 years of age or older (n=5,758). The
resulting cohort for this analysis consisted of 118,164 partic-
ipants.

Case ascertainment and follow-up

Incident invasive pancreatic cancer diagnoses were identi-
fied through annual linkages with the California Cancer Regis-
try, which is comprised of 3 Surveillance Epidemiology and
End Results registries. There were 323 eligible participants
diagnosed with invasive pancreatic cancer (International Clas-
stfication of Disease Oncology, Third Edition site codes C25.0—
C25.9) after completing the baseline questionnaire and on or
before December 31, 2009. Participants were followed from the
date of baseline questionnaire completion until the first of the fol-
lowing events: diagnosis with invasive pancreatic cancer, a
move outside of California for more than 4 months (n = 10,929),
death (n=10,467), or end of follow-up on December 31, 2009
(n=96,445).

Exposure assessment

Determination of menopausal status at baseline was based
on answers to questions regarding the timing of and reason
for the permanent cessation of menstrual periods, in addition
to the timing and type of any relevant gynecologic surgery.
Participants who reported ongoing menstrual periods and
who had never used hormones for menopausal symptoms were
classified as premenopausal. Participants were classified as
perimenopausal if they reported that their periods had stopped
within the last 6 months and they were not currently preg-
nant. Participants were classified as postmenopausal if they
met any of the following criteria: 1) their periods had stopped
more than 6 months before completing the baseline ques-
tionnaire, 2) they had undergone a bilateral oophorectomy,
3) they were 56 years of age or older at baseline and not already
classified as premenopausal or perimenopausal, or 4) they
began using HT before the cessation of their periods. Women
who reported a hysterectomy (without bilateral oophorec-
tomy) before 56 years of age and were less than 56 years of
age at baseline were considered to be of unknown menopausal
status and were excluded from the relevant analyses. The
age criterion was based on previous work that indicated that
among those who underwent natural menopause, more than
97% were postmenopausal by the age of 56 years (50, 51).
For CTS, age at menopause was ascertained in categories
(<35, 35-39, 4043, 4446, 47-49, 50-52, 53-55, or >56
years). Therefore, it was not possible to examine distribution
of age in years at natural menopause. Nonetheless, our data
suggested that 93% of never-smokers and 93% of former
smokers reported an age at natural menopause of 53—55 years
or younger, supporting our use of 56 years of age as a cutoff
to consider women with unknown menopausal status as post-
menopausal. A similar but slightly higher proportion (95%)
was observed for current smokers. When we repeated the anal-
ysis using 54 years of age as the cutoff for current smokers
(56 years of age for never-smokers and former smokers), the
results were identical to those presented. We also repeated the
analyses after excluding women who began using HT before
cessation of their periods, and the results did not differ from
those presented. For analytic purposes, the small number of
perimenopausal participants (n =2,523) were included in the
postmenopausal category, except in the analyses of age at
menopause; exclusion of perimenopausal participants did not
significantly alter results from those shown.

We classified OC use by using calendar year of use as a proxy
for OC formulations (high-dose versus low-dose OCs). Par-
ticipants who stopped using OCs before 1974 were classified
as users of high-dose OC formulations, and those who started
using OCs after 1975 were classified as users of low-dose OC
formulations because low-dose OC formulations, which con-
tain less than 50 pg of estrogen, were introduced in 1973. The
other OC users (i.e., who used OCs before 1973 but stopped
using OCs in 1974 or later or who started using OCs in 1975)
may have been exposed to both high- and low-dose OCs and
were not included in analyses specifically evaluating high-
or low-dose OC use. The reference group in all OC analyses
was never users of OCs. Prior studies have made similar
assumptions regarding year of use and OC dose (52-54).

Am J Epidemiol. 2013;178(9):1403-1413
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Table 1. Distribution of Baseline Characteristics Among 118,164
Participants Included in the Present Analysis, the California Teachers
Study, 1995-1996%

Baseline Characteristics No. %

Age at cohort enroliment,

years
22-39 21,237 18.0
40-49 32,363 274
50-59 30,207 25.6
60-69 20,681 17.5
70-79 13,676 11.6
Age at menarche, years®
<11 26,597 22.8
12 32,016 27.5
13 34,326 294
>14 23,613 20.3
OC use
Never used 35,596 31.3
Former user at baseline 6,659 5.9
Current user at baseline 71,220 62.6
Ever used, unknown if 256 0.2
current or former
Duration of OC use, years®
<1 8,947 11.8
1-4 26,355 34.7
5-9 24,076 31.7
>10 16,488 21.7
Parity
Nulligravid 23,906 20.6
Gravid, nulliparous 7,124 6.1
1-2 full-term pregnancies 56,306 48.5
>3 full-term pregnancies 28,721 24.7
Age at first full-term
pregnancy, years®
<19 4,479 5.3
20-24 26,629 31.3
25-29 34,541 40.6
30-34 14,782 17.4
>35 4,595 5.4
Breastfeeding history®
Never breastfed 19,009 225
Ever breastfed 65,796 77.5

Table continues

Statistical analyses

Multivariable Cox proportional hazards regression methods
were used to estimate hazard ratios and 95% confidence inter-
vals for the associations between hormone-related factors and
invasive pancreatic cancer risk, using age in days as the time
metric. Models were stratified by age at baseline (in single years
of age) and adjusted for race/ethnicity (non-Hispanic white,

Am J Epidemiol. 2013;178(9):1403-1413

Table 1. Continued

Baseline Characteristics No. %

Menopausal status/HT use

Premenopausal 47,993 43.5
Postmenopausal, never 13,956 12.7
used HT
Postmenopausal, ever 46,922 43.1
used HT'
HT use"?
Past HT user 8,803 19.7
Currentuserof ET 15,508 34.7
Current user of EPT 20,334 455
Age at menopause, years"
<46 13,067 28.2
47-49 9,083 19.6
50-52 12,666 27.3
>53 11,571 24.9
Body mass index’
<25 69,318 60.8
2510 <30 28,388 24.9
>30 16,221 14.2
Smoking history
Never 77,619 65.7
Former 33,779 28.6
Current 6,084 5.2
History of diabetes 3,298 2.8

Abbreviations: EPT, estrogen-plus-progestin therapy; ET, estrogen-
only therapy; HT, hormone therapy; OC, oral contraceptive.

& Numbers shown do not include subjects with missing informa-
tion on pregnancy history (n=2,107), body mass index (n=4,237),
smoking status (n=682), age at menarche (n=1,558), OC use (n=
4,433), duration of OC use (n=6,702), age at first full-term pregnancy
(n=1), breastfeeding (n=1), menopausal status/HT use (n=9,293),
age at menopause (n=18,886), and HT use (n=1,297).

b Fifty-four participants who had never had a first menstrual period
are not shown.

¢ Among OC users.

4 Among parous participants.

¢ Among participants who ever had a live birth (n=84,807).

f Excludes participants who used a progestin-only therapy (n=
980).

9 Among ever HT users.

" Among postmenopausal participants.

" Weight (kg)/height (m)2.

black, or other; the predominant groups in the “other” cate-
gory were Hispanic and Asian), body mass index measured
as weight in kilograms divided by height in meters
squared (<25, 25 to <30, >30, or unknown), baseline smok-
ing status (never, former, current, or unknown), self-reported
history of diabetes (no or yes), menopausal status (premeno-
pausal, postmenopausal, or unknown), age at menarche (<11,
12, 13, or >14 years or unknown), pregnancy history (nulli-
gravid, gravid nulliparous, 1-2 full-term pregnancies, >3
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Table 2. Hazard Ratios and 95% Confidence Intervals for the Associations of Reproductive Factors and
Exogenous Hormone Use With Pancreatic Cancer Risk Among 118,164 Participants in the California Teachers

Study, 1995-2009

No. of Cases Person-years Multivariable HR? 95% Cl
All Participants
Total 323 1,505,060
Age at menarche, years
<1 68 339,542 1.00 Referent
12 82 408,821 0.98 0.71,1.35
13 84 437,735 0.92 0.66, 1.26
>14 82 299,088 1.22 0.88, 1.69
P for trend 0.31
Duration of OC use, years
Never 156 437,932 1.00 Referent
<1 17 115,325 1.10 0.65, 1.85
1-4 43 342,562 1.15 0.78,1.68
5-9 36 312,200 1.12 0.74,1.69
>10 47 213,768 1.72 1.19,2.49
Pfor trend 0.014°
Parity/No. of full-term
pregnancies
Nulligravid 49 302,273 1.00 Referent
Gravid, nulliparous 16 90,651 1.44 0.82,2.55
1 44 230,145 1.13 0.75,1.70
2 101 492,786 1.10 0.78,1.55
3 62 239,027 0.98 0.67,1.43
>4 41 124,123 0.94 0.62,1.44
P for trend 0.68
Number of full-term
pregnancies among
parous women
44 230,145 1.00 Referent
101 492,786 0.98 0.69, 1.41
3 62 239,027 0.88 0.60, 1.30
>4 41 124,123 0.83 0.55,1.29
P for trend 0.31
Age at first full-term
pregnancy among
parous women, years
<22 34 155,583 1.00 Referent
22-24 66 236,863 1.13 0.75,1.72
25-29 101 442,541 1.12 0.76,1.67
>30 47 251,080 1.09 0.69,1.74
P for trend 0.76
Breastfeeding®
Never breastfed 73 237,291 1.00 Referent
Ever 175 846,062 1.07 0.81,1.41

full-term pregnancies, or unknown) and HT use at baseline
(never, estrogen-only therapy (ET), estrogen-plus-progestin
therapy (EPT), both ET and EPT, progestin-only therapy, or
unknown) (17). For each covariate, women with missing data

Table continues

were included in the model as a separate category (‘“‘unknown”);
exclusion of women in the “unknown” category did not appre-
ciably change the results. Using different cutpoints for age at
menarche (<13 or >13 years; <14 or >14 years) or different

Am J Epidemiol. 2013;178(9):1403-1413
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Table 2. Continued

No. of Cases Person-years Multivariable HR? 95% ClI
Menopausal status/HT use
at baseline®
Premenopausal 29 631,941 1.00 Referent
Postmenopausal, never 87 169,758 1.31 0.67,2.59
used HT
Postmenopausal, ever 176 574,109 0.93 0.48,1.78
used HT

Postmenopausal Participants Only
HT use at baseline®

Never HT user 87 169,758 1.00 Referent
Ever HT user 176 574,109 0.70 0.54,0.91
HT formulation at baseline®
Never HT user 87 169,758 1.00 Referent
Ever HT user
Used ET only 74 215,100 0.64 0.47,0.88
Used EPT only 68 260,774 0.81 0.58,1.14
Used both ET and EPT 36 107,621 0.72 0.49, 1.06
Recency of use at baseline®
Never HT user 87 169,758 1.00 Referent
Former HT user 43 105,054 0.70 0.48, 1.01
Current ET user 52 192,503 0.59 0.42,0.84
Current EPT user 75 260,794 0.84 0.61,1.17

Recency of use at baseline;
follow-up truncated at
June 30, 2002¢

Never HT user 31 86,296 1.00 Referent
Former HT user 13 53,956 0.58 0.30,1.10
Current ET user 19 96,561 0.66 0.37,1.17
Current EPT user 24 128,057 1.00 0.57,1.77
Age at menopause, years
<47 52 161,767 1.00 Referent
47-49 52 113,213 1.29 0.88,1.90
50-52 51 157,396 0.79 0.53,1.17
>53 65 141,484 0.98 0.68,1.43

Abbreviations: Cl, confidence interval; EPT, estrogen-plus-progestin therapy; ET, estrogen-only therapy; HR,
hazard ratio; HT, hormone therapy; OC, oral contraceptive.

& All models were stratified by age at baseline (in single years) and adjusted for race/ethnicity (non-Hispanic white,
black, or other), body mass index, measured as weight in kilograms divided by height in meters squared (<25, 25 to
<30, >30, or unknown), menopausal status (premenopausal, postmenopausal, or unknown), HT use (never, ET only,
EPT only, both ET and EPT, progestin-only therapy, or unknown), age at menarche (<14 years, >14 years, or
unknown), total number of full-term pregnancies (nulligravid, gravid nulliparous, 1-2 full-term pregnancies, >3 full-
term pregnancies, or unknown), smoking status (never, former, current, or unknown), and history of diabetes (no or
yes).

® Includes participants who never used OCs.

¢ Among participants who ever had a live birth (n=84,807).

9 Excludes participants who used a progestin-only therapy (n=1,116).

categories of baseline HT use (never user of HT, former HT of hazard ratios was evaluated across exposure categories
user, current ET user, current EPT user) as covariates in the using Wald tests. All P values reported are 2-sided. The pro-
models did not change the risk estimates, and neither did portional hazards assumption was tested by examining scaled
adjustment for accumulated pack-years of smoking at base- Schoenfeld residuals (55); no evidence of a violation of the
line. For ordinal variables, linear trend in the natural logarithm proportional hazards assumption was observed.

Am J Epidemiol. 2013;178(9):1403-1413
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To assess whether the changes in the status of HT use over
time influenced the hazard ratio estimates, we performed an
analysis in which we treated HT use as a time-dependent var-
iable, using information from the baseline questionnaire and
the 2000 questionnaire. Baseline values were used until the
2000 questionnaire was completed, at which point those values
were used. If no 2000 questionnaire value was available, the
baseline value was retained. The proportion of HT users in
the CTS dropped significantly during follow-up, from 60%
at baseline to 21% in 2005-2006 (56). This is consistent
with the national trend in HT use after the publication of the
Women’s Health Initiative clinical trials (57, 58). Therefore,
we performed a sensitivity analysis in which follow-up was
limited to the period from baseline through June 30, 2002.

We repeated all analyses excluding 12,039 women who
had a history of any type of cancer at baseline based on women’s
self-report at baseline and the linkage between the cohort and
the California Cancer Registry (including diagnoses since
1988), the Los Angeles County Cancer Surveillance Program
(including diagnoses since 1972), and the San Francisco-
Oakland Surveillance, Epidemiology, and End Results Pro-
gram (including diagnoses since 1973). Because the results
were similar, we present the results or models that excluded
only those women with a prior history of pancreatic cancer
(n=10).

RESULTS

Baseline characteristics of the eligible analytic cohort are
presented in Table 1. Mean age at baseline was 51.9 (stan-
dard deviation, 13.2) years. Twenty-one percent of partici-
pants had never been pregnant; approximately half (49%) of
participants had 1 or 2 full-term pregnancies, and nearly 25%
had 3 or more full-term pregnancies. Approximately 60%
of the participants were postmenopausal. Among postmeno-
pausal women, 77% had ever used HT, and 80% of them were
current users.

OC use and ET use, but not any of the other reproductive
and menstrual factors examined, were associated with inci-
dence of pancreatic cancer (Table 2). Participants who used
OC:s for 10 or more years had a 72% greater risk of pancre-
atic cancer than did participants who had never used OCs (haz-
ard ratio (HR)=1.72, 95% confidence interval (CI): 1.19,
2.49). Circulating estrogen levels decrease during the meno-
pausal transition (59, 60), and some perimenopausal women
use OCs to control menstrual problems and perimenopausal
symptoms (61). To exclude the possibility that the increased
risk associated with long-term OC use was due to perimeno-
pausal OC use, we repeated the analyses after excluding par-
ticipants who used OCs after age 45 years. The hazard ratio
associated with OC use for 10 or more years compared with
never use was slightly higher (HR = 1.99, 95% CI: 1.23, 3.22).
When examined by calendar year of use as a proxy for high-
dose versus low-dose OCs, a duration response was present
for high-dose OC use (P for trend = 0.027; Appendix Table 1).
Participants who used high-dose OCs for 10 or more years
had a risk of pancreatic cancer that was more than 2 times
greater than that in women who had never used OCs (HR =
2.08, 95% CI: 1.05, 4.12). However, the number of pancreatic
cancer diagnoses included in this comparison was limited.

Among postmenopausal participants, both ever use of ET
(but not EPT) at baseline (HR =0.64, 95% CI: 0.47, 0.88;
Table 2) and current use of ET at baseline (HR =0.59; 95%
CI: 0.42, 0.84) were statistically significantly associated
with a decreased risk of pancreatic cancer. The association
between ET use and pancreatic cancer risk did not differ by
type of menopause (natural menopause vs. surgical meno-
pause; data not shown). The results did not change when we
included HT use as a time-dependent variable; the hazard
ratio for current ET use was 0.59 (95% CI: 0.42, 0.85). Upon
truncation of follow-up at June 30, 2002, the relative risks
associated with current ET use at baseline did not differ
markedly from those presented for the full follow-up period
(Table 2). However, the relative risks associated with current
use of EPT at baseline changed from 0.84 (95% CI: 0.61,
1.17) to 1.00 (95% CI: 0.57, 1.77) when we limited follow-
up to June 30, 2002. No duration-of-use effects were observed
for ET use or EPT use, but the sample size for these analyses
was limited (Table 3).

We conducted an additional analysis of full-term preg-
nancies that was restricted to postmenopausal participants to
address concerns that baseline parity information would not
be accurate for women who had not completed their repro-
ductive years; the results did not differ from those presented.
Results for age at menopause were similar when the analyses
were restricted to postmenopausal participants who had never
used HT (data not shown) and when we excluded partici-
pants who experienced menopause before 40 years of age (8
pancreatic cancer cases and 3,102 noncases; data not shown).
In addition, adjustment for OC use did not appreciably
change the hazard ratios for any of the variables presented in
Table 2.

After restricting analyses to never-smokers, we observed
results similar to those presented for all participants (data
not shown), with the exception that the estimated hazard ratios
for long-term OC use were larger; the hazard ratios among
never-smokers for 5-9 years and >10 years of OC use were
1.67 (95% CI: 0.96, 2.89) and 2.47 (95% CI: 1.49, 4.09),
respectively. We did not observe evidence that these associa-
tions were modified by body mass index.

DISCUSSION

Among the factors examined, only ET use was associated
with a lower risk of developing pancreatic cancer. EPT use
was not significantly associated with pancreatic cancer risk,
particularly after truncating the follow up at 2002, but the
95% confidence intervals substantially overlapped with those
for the association with ET use. Long-term OC use was
associated with a higher risk of pancreatic cancer. Reproduc-
tive and menstrual factors were not associated with pancre-
atic cancer risk.

Our results suggest that postmenopausal ET use but not
EPT use may decrease the risk of pancreatic cancer. Results
from previous epidemiologic studies addressing the possible
association between HT use and pancreatic cancer risk have
been inconsistent (28-31, 34, 38, 45-47, 62), perhaps
because of limitations such as information bias and survival
bias for case-control studies (34, 38, 45-47, 62), lack of

Am J Epidemiol. 2013;178(9):1403-1413
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Table 3. Hazard Ratios and 95% Confidence Intervals for the
Association Between Pancreatic Cancer Risk and Duration of
Estrogen-only Therapy Use or Estrogen-Plus-Progestin Therapy Use
Compared With Never Use of Hormone Therapy in Postmenopausal
Participants in the California Teachers Study, 1995-2009%

Duration of
ET or EPT
Use

Never use of HT 87

Current ET
use at
baseline

Used for 29
<20 years

Used for 19
>20 years

Current EPT
use at
baseline

Used for 50
<10 years

Used for 23
>10years

No.of Person-  Multivariable

Cases years HRP 95% CI

169,758 1 Referent

138,356 0.55

0.36, 0.85

43,970 0.55 0.33, 0.91

202,688 0.83 0.56, 1.22

50,645 0.89 0.55,1.43

Abbreviations: Cl, confidence interval; EPT, estrogen-plus-progestin
therapy; ET, estrogen-only therapy; HR, hazard ratio; HT, hormone
therapy.

& Analysis of duration of ET use was restricted to never users of
HT (referent) and current ET users at baseline. Analysis of duration
of EPT use was restricted to never users of HT (referent) and current
EPT users at baseline.

b All models were stratified by age at baseline (in single years) and
adjusted for race/ethnicity (non-Hispanic white, black, or other), body
mass index, measured as weight in kilograms divided by height in
meters squared (<25, 25 to <30, >30, or unknown), age at menarche
(<11, 12, 13, or >14 years or unknown), total number of full-term
pregnancies (nulligravid, gravid nulliparous, 1-2 full-term pregnancies,
>3 full-term pregnancies, or unknown), smoking status (never, former,
current, or unknown), and history of diabetes (no or yes).

statistical power, or lack of information on HT formulation.
CTS members have a high prevalence of HT use, and the
CTS has information on the 2 main preparation types, that is,
ET and EPT. None of the previous studies addressed the
associations of ET use and EPT use separately (28-31, 34,
38, 45-47, 62). In the present study, no duration-response
effect of ET use on pancreatic cancer risk was observed
(Table 3), although the statistical power was limited for that
analysis.

The apparent inverse association between ET use and pan-
creatic cancer risk is consistent with the inhibitory effect of
estrogen on the growth of preneoplastic pancreatic lesions or
transplanted pancreatic carcinoma in rats (19, 20). It might also
result from the beneficial impact of hormone therapy on car-
bohydrate metabolism. Results from several large randomized
clinical trials suggested that hormone therapy reduces the inci-
dence of diabetes (63—-65) and fasting glucose levels (63—
66), which may be important in pancreatic cancer. In fact, a
dose-response relationship between fasting serum glucose levels
and pancreatic cancer risk has been reported (67). Yet, hormone

Am J Epidemiol. 2013;178(9):1403-1413

regimens used in these trials have included both ET and
EPT: conjugated equine estrogen (CEE) alone (63), CEE and
medroxyprogesterone acetate (64-66), and CEE and micron-
ized progesterone (66). One additional randomized clinical trial
using 17-P estradiol suggested that addition of progestin (nor-
ethindrone) counteracted the effect of 17-f estradiol in reducing
insulin levels (68). Further investigation into the specific and
relative effects of exogenous estrogens and progestins on pan-
creatic cancer risk is needed.

Previous cohort studies reported overall null associations
between OC use and pancreatic cancer risk (28—31). However,
2 of these studies noted a 20%—-30% statistically nonsignifi-
cant increase in risk for OC use of longer than 3 or 5
years (30, 31). In the present study, a longer duration of OC
use (>10 years) compared with never use of OCs was asso-
ciated with a 72% increased risk of pancreatic cancer. It is
unclear why the associations of pancreatic cancer with OC
use and with ET use are in opposite directions. Although these
findings may reflect residual confounding due to incomplete
control for characteristics of long-term OC users and ET users,
it is notable that the association of estrogen with glucose
metabolism varies by dosage and formulation of hormone
components (69). The commonly used estrogens in OCs and
ET are ethinyl estradiol (70) and CEE (71), respectively.
Use of OCs that contain estrogen and progestin has been asso-
ciated with increased insulin levels and unfavorable glucose tol-
erance (72), and this association was stronger for high-dose OCs
and varied depending on the type of progestin (72, 73).

Consistent with our findings, most previous studies did not
observe associations of reproductive and menstrual factors
with pancreatic cancer risk. Age at menarche has not been
associated with pancreatic cancer risk in prospective studies
(27-31, 41, 42). For parity, cohort studies have reported pos-
itive (28, 42), inverse (30), and null associations (27, 29, 37,
41). For age at menopause, most prospective studies (27, 30,
31, 41) reported no association, with 2 studies reporting a
positive (42) or inverse (29) association. Data have been
limited and mixed on the role of breastfeeding: Two studies
found no association (30, 41), whereas another reported
lower risk among women who had breastfed (42).

The present study has several key strengths. First, the pro-
portions of ever-smokers and current smokers at baseline in
the CTS (roughly 30% and 5%, respectively) are substan-
tially (4- to 12-fold) lower than the proportions in compara-
ble cohort studies (28-31, 41). Smoking has been associated
with pancreatic cancer, as well as with a number of the expo-
sures of interest in previous studies, including parity (37,
42), age at first birth (37), lower serum estrogen (74), and ear-
lier menopause (75, 76). Thus, the CTS allows for an analy-
sis of reproductive factors with substantially less likelihood
of uncontrolled confounding due to smoking. Additional
strengths of our study include its prospective design and the
collection of extensive hormone-related exposure informa-
tion.

Although our study had a relatively large number of pan-
creatic cancer cases compared with many previously pub-
lished studies that addressed similar exposures, some exposure
categories had a limited number of cases. Additional limita-
tions of the present analysis include the fact that exposure assess-
ment was based on the baseline questionnaire and 1 follow-up
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questionnaire (in 2000, for HT analysis). Thus, possible mis-
classification of certain exposure factors is of concern, most
notably HT use after publication of the Women’s Health
Initiative results in 2002 (57). However, truncation of follow-
up at June 30, 2002, did not materially alter the results from
those presented. One concern might be that smoking status,
which obtained at baseline, could be misclassified, and of
particular concern would be if women initiated smoking
during follow-up. Although we did not collect general infor-
mation on smoking after baseline, in our recent follow-up
questionnaire collected in 2005-2006, we did ask about smok-
ing status before and during the first pregnancy for parous
women. According to data from this follow-up questionnaire,
there were 1,432 young (20-39 years of age atbaseline) respon-
dents who were never-smokers at baseline and who had their
first pregnancy after baseline. Of these, 99.9% reported that
they never smoked up until their first pregnancy, suggesting
that the majority of young women who were never-smokers
at baseline, at least those who became parous after baseline,
did not initiate smoking after baseline. In addition, although
we cannot rule out the uptake of smoking, the continuous
decline in smoking prevalence in adult women in California
during the period of 1996-2008 across all age groups,
including women aged 18-24 years and 25-44 years, makes
this unlikely (77). If any change in smoking status has
occurred during follow-up, it would most likely be due to
current smokers (less than 5% of the cohort) quitting (78).
Our observation of similar or stronger results when restrict-
ing the analyses to never-smokers at baseline suggests that
any residual confounding by misclassification of smoking
status was minimal. The low prevalence of smoking in the
CTS limits generalizability of our findings. In conclusion,
these data suggest that ET use may decrease pancreatic can-
cer risk, whereas long-term OC use may increase pancreatic
cancer risk.
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Appendix Table 1. Hazard Ratios and 95% Confidence Intervals for the Association Between Pancreatic Cancer
Risk and Duration of High-dose Oral Contraceptive Use in the California Teachers Study, 1995-2009

Duration and Timing of

High-dose OC Use No. of Cases Person-years Multivariable HR? 95% ClI
Never used OCs 156 437,932 1 Referent
Stopped using OCs before 1974

Used for <1 year 17 69,551 1.27 0.75,2.13
Used for 1 to <5 years 32 174,803 1.08 0.71,1.65
Used for 5 to <10 years 24 85,213 1.40 0.88,2.22
Used for >10 years 9 14,745 2.08 1.05,4.12

P for trend 0.026
Started using OCs after 1975 4 225,928 0.86 0.25,2.95

Abbreviations: Cl, confidence interval; HR, hazard ratio; OC, oral contraceptive.

& All models were stratified by age at baseline (in single years) and adjusted for race/ethnicity (non-Hispanic white,
black, or other), body mass index, measured as weight in kilograms divided by height in meters squared (<25, 25 to
<30, >30, or unknown), menopausal status (premenopausal, postmenopausal, or unknown), hormone therapy use
(never, estrogen-only therapy, estrogen-plus-progestin therapy, both estrogen-only therapy and estrogen-plus-
progestin therapy, progestin-only therapy, or unknown), age at menarche (<11, 12, 13, or >14 years or unknown),
total number of full-term pregnancies (nulligravid, gravid nulliparous, 1-2 full-term pregnancies, >3 full-term
pregnancies, or unknown), smoking status (never, former, current, or unknown), and history of diabetes (no or yes).
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